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 ABSTRACT 
The Effects of Feeding Style on Subcutaneous Adipose Tissue Deposition within the First Year 
of Life 
 
Background: Fat distribution, rather than total body fat, has been identified as a significant risk 
factor for chronic disease. Patterning of subcutaneous fat, in particular, may play a pervasive role 
in shaping the metabolic milieu that is critical for disease development. Several studies have 
shown that early-life nutrition may influence later body composition. The effect of breastfeeding 
and formula feeding on early patterns of subcutaneous fat deposition, however, are uncertain.  
Objective: At a time when early infant growth is emerging as a predictor for later chronic 
disease, it is the aim of the present analysis to investigate whether feeding style (breastfeeding 
versus formula feeding) modifies subcutaneous fat growth rates and trajectories in the first year 
of life with a focus on the historical iterations of WHO infant feeding recommendations (0 to 4 
months, 4 to 6 months, and 6 to 12 months of age). 
Methods: This is an ex post-facto design that utilizes data collected as part of a longitudinal 
growth study in the first year of life. Subcutaneous fat mass was anthropometrically assessed 
weekly by skinfold thickness (triceps, , calf, subscapular, suprailiac, midaxillary, and abdominal) 
in 21 infants. Feeding data were collected through daily parental records and are entered here as 
a categorical variable (predominantly breast fed and predominantly formula fed). Multi-level 
mixed effects models for repeated measures were used (STATA 14) adjusting for age, sex, 
weight, birthweight, and number of feeding episodes per day. Statistical significance was 
accepted at p<0.05 and trends were represented between p=0.05 and p=0.10. 
Results: Infants experienced fat accretion only during the first four months, and this was limited 
to peripheral skinfolds. Thereafter, subcutaneous skinfolds followed a trend of declining rates. 
Breastfed and formula fed infants, however, demonstrated different patterns of subcutaneous fat 
deposition in both the sum of skinfolds and in each skinfold site. During the first four months, 
formula fed infants experienced greater rates for the subscapular, abdominal, suprailiac, trunk, 
quadriceps, sum of skinfolds (p<0.05), and triceps (p=0.066) skinfolds. Between four and six 
months of age, formula fed infants followed more negative slopes than breastfed infants in all but 
the lower limb and suprailiac skinfolds. Beyond six months, formula fed infants had more 
negative slopes in the suprailiac (p<0.01) and midaxillary (p=0.10) skinfolds, while breastfed 
infants had more negative slopes in the calf (p<0.05), abdominal (p=0.062), and limb skinfolds 
(p=0.092). These time-constrained slope comparisons actually reflect different overall deposition 
trajectories by feeding style. By comparison with growth rate in the first four months of life, 
formula fed infants experience a more dramatic decline in rate in the subsequent four to six-
month interval in the trunk skinfolds (p<0.01) than their breastfed peers. Beyond six months, 
breastfed infants subsequently demonstrate a more dramatic decline in rate in the trunk skinfolds 
(p<0.01).  
Conclusion: Weekly skinfold assessments of seven subcutaneous sites have identified that 
feeding style predicts differences in deposition patterns in the first year of life. Breastfed infants 
demonstrated both slower rates of accretion and decline by comparison with their formula fed 
peers. This analysis further suggests that the first four months may be a critical period for 
subcutaneous fat deposition. Feeding specific effects were identified for truncal deposition and 
utilization, which suggests that future studies may benefit from depot-specific inquiries.  
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CHAPTER I: INTRODUCTION 
 
Statement of the problem 
Numerous epidemiological reports have suggested that obesity is the predominant risk 
factor for a range of chronic diseases, including type II diabetes mellitus, cardiovascular disease, 
and cancer.1,2 Yet, there has not been a consistent association between obesity and the metabolic 
abnormalities that characterize these conditions.3,4 In part, this reflects the fact that obesity is often 
defined in relation to body mass index (BMI), a weight phenotype that is less predictive than 
previously assumed, and attention has turned to patterns of adipose tissue deposition as a more 
sensitive indicator of lifespan health5. Evidence for this derives from samples of both infants and 
adults, for which the amount and distribution of adipose tissue have not only been discordant with 
weight status, but also prognostic for later disease.6,7  As deposition patterns in infancy have been 
found to track into adulthood, and particularly among children with excess adiposity,8 early 
developmental influences may be critical for fat patterning and long-term health outcomes.  
Feeding practices in infancy represent one important route whereby adiposity may be 
programmed. This is the fundamental premise of The Developmental Origins of Health and 
Disease Model, which posits that early nutritional experiences can alter organ structure and 
essential homeostatic mechanisms during critical periods of development.9 Among humans, data 
to date has identified that early feeding choices produce long-term differences in body 
composition.10 From 15 predominantly longitudinal studies, a recent meta-analysis has 
demonstrated that there is a switch from higher adiposity among breastfed infants at three to four 
months of age to greater adiposity among formula-fed infants by 12 months of age.10 Imai and 
colleagues11 extended these findings in a longitudinal analysis that has demonstrated both faster 
growth during infancy and greater BMI at age six among infants who were formula-fed and 
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provided complementary food prior to six months of age. Beyond feeding style, the duration of 
breastfeeding has also been deemed a significant influence for body composition. From the West 
Australian Pregnancy Cohort Study, a 20-year longitudinal analysis, it has been shown that 
children breastfed for four months or less have the greatest probability of exceeding the 95th 
percentile for BMI from one to eight years of age as compared to children breastfed for greater 
than 12 months.12 Additionally, the cessation of exclusive breastfeeding before six months has 
been associated with an increased prevalence of overweight or obesity at 20 years of age.12   
Collectively, the beneficial outcomes associated with breastfeeding have been attributed 
to the unique and individualized composition of breastmilk, which can change with the time of 
day and over the course of a feed.13 Beyond the essential macro- and micronutrients, breast milk 
also contains a plethora of biologically active components (immune-related compounds, 
cytokines, hormones, growth factors, enzymes, essential fatty acids, etc.) that may function as 
key players in both the long- and short-term health benefits associated with breastfeeding.14 
Infant formula, which does not share the same dynamic composition as breast milk, has been 
associated with an increased risk for common childhood infections (ear infections and diarrhea) 
and several chronic diseases (type 2 diabetes, asthma, childhood obesity).15 While it is possible, 
that changes in formula composition, and particularly the protein content (amount, source, and 
hydrolyzation), may attenuate some of these effects,16 the current WHO infant feeding 
recommendations align with the greater body of evidence that supports positive breastfeeding-
associated health effects. As  exclusivity and duration of breastfeeding have been deemed 
significant, the WHO recommendation now promotes exclusive breastfeeding through the first 
six months of life, in addition to continued breastfeeding for the first two years of life.17 
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In spite of the WHO recommendation, several studies have failed to find any significant 
long-term differences in weight and/or body composition from distinctions in feeding style18-20or 
duration of exclusive breastfeeding.21 This lack of consistency may derive from a diversity of data 
acquisition and measurement approaches.22 More importantly, however, these studies all 
predominantly use BMI and weight as proxies for adiposity, which provide misleading information 
about body composition, and particularly body fat content.23 As there is a now a large evidence 
base that supports an association between adiposity and health,5it is of critical importance to 
determine if early feeding choices directly modulate adipose tissue morphology.  
Adipose tissue morphology, or the general tissue phenotype, is determined by two 
features: cell size and cell number. While adipose tissue development begins around the 14th-28th 
week of gestation,24 the augmentation of these cellular features occurs primarily in the postnatal 
period and depends on two distinct growth mechanisms: hypertrophy and hyperplasia, an 
increase in cell size and cell number, respectively.25 These processes are reported to occur 
independently of weight status.26 Over time, these growth patterns produce distinct adipose tissue 
phenotypes and metabolic profiles. Increased hypertrophy leads to adipose tissue depots 
composed of few but large cells, while hyperplasia manifests as many but small fat cells.27 Due 
to significant association with insulin resistance, type 2 diabetes, dyslipidemia, and hypertension, 
a deposition pattern characterized by increased hypertrophy relative to hyperplasia is considered 
‘risky’.28-30 An increase in hyperplasia, in contrast, is believed to result in a more benign 
metabolic profile with fewer long-term metabolic consequences.28-30 
The contribution of adipocyte cell number and size to the overall growth of a fat depot 
varies among individuals, by site, and with age.31,32 When assessing regional differences in these 
features, it has been found that cell number is a more significant contributor to overall fat mass in 
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the visceral adipose region; whereas, both cell number and cell size are equal contributors to 
mass in the subcutaneous adipose region.33 Within the subcutaneous depot, the relationship 
between cell size and number also differs by sub-depot. This has been postulated to be the 
product of different preadipocyte populations, which have innate variability in proliferative 
potential, adipogenesis, and gene expression.34 These differences ultimately translate into distinct 
growth mechanisms. From studies that have assessed the effects of overfeeding on the size and 
cellularity of healthy adult adipocytes,34 the truncal depots have been found to expand 
predominantly through hypertrophy, while the peripheral depots have been observed to expand 
through hyperplasia. Due to the tendency for truncal depots to develop a smaller number of 
larger cells, deposition within these subcutaneous depots is considered more ‘risky’ in terms of 
health sequelae.26 
Despite the growing understanding of how adipose tissue mass and distribution produce 
variable metabolic profiles,35 the majority of research in this area has focused on adult samples. 
There remain few prospective longitudinal studies investigating how these growth processes 
unfold in infants and children. Among those that have, differences in the populations studied and 
methodology used have made it unclear whether fat depot expansion early in development 
occurs independently through cell size and number, or by concomitant increases in both 
variables.25,31,36,37 The most compelling evidence comes from a study comparing adipocyte 
developmental trajectories in both longitudinal and cross-sectional cohorts from 4 months to 24 
years of age, which suggests that adipocyte number and size have distinct growth trajectories 
beginning in the first year of life.31 Moreover, it is reported that expansion by cell number, rather 
than cell size, is the more prominent contributor to early growth.31 As cell number is an 
important contributor to fat mass,38 and studies suggest that weight loss among both children and 
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adults is associated solely with reductions in cell size,27,39 it is important to determine whether 
feeding practices can modulate early adipose tissue growth, and specifically increases in cell 
number.  
While evidence for this question is largely absent in human cohorts, animal studies have 
demonstrated that early nutritional influences can be important modulators of adipocyte growth 
patterns. Among rats, changes in caloric intake during the suckling period have been found to 
alter both cell size and cell number in the epididymal fat pad as early as five weeks of age.40 
More specifically, cell size and cell number have been found to augment by a greater rate and 
magnitude in rats with an increased caloric intake relative to rats with a restricted intake. 
Synonymous to the deposition trajectories described by 31 in both the longitudinal and cross-
sectional human cohorts, initial growth in the rat epididymal adipocytes has also been found to 
expand primarily by increases in cell number.40 Rat studies assessing effects of early intake 
levels on growth beyond the first 20 weeks of life, suggest that these differences in adiposity 
remain relatively consistent after weaning, even when intake restrictions are no longer present.41 
This may represent long-term effects on appetite regulation, and emphasizes the essential role of 
early feeding strategies for altering behavioral and physiological factors that contribute to 
adiposity.  
While respecting species distinctions, the findings from animal models suggest that early 
nutritional experiences in humans may be similarly critical for shaping adipose tissue 
morphology. While early investigations of infant adiposity began nearly five decades ago with 
studies that employed a cellular lens,25,31,36 more recent investigations regarding feeding effects 
on adiposity have adopted an approach more focused on overall body composition.10 A 
fundamental factor underlying this shift has been the advent of several advanced measurement 
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technologies (i.e. DXA, MRI, ADP, CT), which have illuminated differences in fat versus fat-
free mass, in addition to regional adipose tissue distinctions (visceral versus subcutaneous fat). 
While these techniques provide greater measurement precision and more specific information on 
body composition than weight or BMI alone, they have decreased site specificity. This is of 
critical importance, as adipose tissue distribution is determinative of the mechanism by which 
adipose tissue expands.26,34 For this reason, clarifying the metabolic risks associated with 
adiposity requires a more site-specific approach, such as that provided by classic anthropometry 
for the subcutaneous region. Given subcutaneous fat has been found to compose 70-80% of total 
body fat in infants,42 this is an appropriate investigative approach for the inquiry at hand. This 
methodology further represents the best technique for a non-invasive longitudinal design, which 
is necessary for accurately exploring the associations between feeding style and patterns of 
subcutaneous fat deposition over the first year of life.   
Project Aims  
The primary aim of this study is to investigate whether subcutaneous adipose tissue 
deposition patterns are modified by feeding style within the first year of life. Over the past 20 
years, the World Health Organization (WHO) recommendations for exclusive breastfeeding have 
changed from prescribing adherence for the first four to six months of life 43 to a stricter exclusive 
practice for the first six months of life, followed by  continued breastfeeding for the first two years 
as foods are added.17 With the WHO’s extended duration of exclusive breastfeeding aiming to 
promote “optimal growth, development, and health,” it is of interest to assess whether there are 
developmental differences in adiposity among infants who have met this recommendation. The 
present analysis will investigate subcutaneous fat deposition patterns during the following time 
frames: 0 to 4 months, 4 to 6 months, and from 6 to 12 months of age.  The term ‘deposition 
 7 
patterns’ rather than  ‘growth’ of subcutaneous adipose tissue will be employed because the 
mechanisms by which growth of adipose tissue occurs (hypertrophy or hyperplasia) remain 
unknown in the depots and time frame that will be investigated.31,32 
Secondary Aims 
(1) In view of the evidence associating different metabolic consequences with truncal versus 
peripheral patterns of subcutaneous fat deposition,44 a secondary aim of this study is to 
assess whether differences in fat deposition patterns in the abdominal and femoral depots 
by feeding style are evident; specifically, if predominant formula feeding is associated with 
increased tissue deposition in so-called high risk depots. 
(2) Based on the current WHO infant feeding recommendation, an additional aim is to 
investigate whether feeding style modifies deposition patterns for subcutaneous adipose 
tissue depots among infants who continue breastfeeding beyond the first six months of life; 
specifically, whether breastfeeding is associated with more gradual rates of subcutaneous 
fat deposition, and thus confers a potential protective effect on the development of 
adiposity. 
Hypotheses  
(1) The null hypothesis employed here is that feeding style has no statistically significant 
effects (p<0.05) on subcutaneous adipose tissue deposition rates for each of the depots 
examined (triceps, quadriceps, calf, subscapular, suprailiac, mid-axial, and abdominal) 
for each of the three time frames (0 to 4 months, 4 to 6 months, and 6 to 12 months of 
age). 
(2) The null hypothesis employed here is that feeding style has no statistically significant 
effects (p<0.05) on deposition rates of subcutaneous adipose tissue depots associated with 
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risk for the development of chronic disease (abdominal skinfold) by comparison with 
non-risky depots (femoral skinfold) during each of the three time frames (0 to 4 months, 
4 to 6 months, and 6 to 12 months of age). 
(3)  The null hypothesis employed here is that feeding style has no statistically significant 
effects (p<0.05) on subcutaneous adipose tissue deposition patterns for each of the depots 
beyond the first 6 months of life. This hypothesis tests feeding style categories as 
composed of continued breastfeeding beyond the first six months of life and formula-fed 
or weaned by six months of age.  
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CHAPTER II: REVIEW OF THE LITERATURE 
How infant feeding strategies affect early growth patterns is a question that has been 
considered for decades. A plethora of studies have explored differences in weight and length 
accretion among breast and formula-fed infants,45-48 and can be summarized as showing variable 
results. These diverse findings have been attributed to problems of confounding, reverse 
causality, and selection biases, all of which obscure biology.49  It is well known, moreover, that 
weight and other proxies of adiposity do not accurately capture body fat content.23 To better 
understand how nutrition modulates early patterns of adipose tissue deposition, numerous studies 
and meta-analyses have also investigated body composition differences among breastfed and 
formula-fed infants over the first year of life with methods ranging from anthropometry to a wide 
variety of in-vivo measurement techniques.10,20,50-53 These studies have also employed a variety 
of outcome measures, the majority of which have been total body fat or percentage body fat. 
While these studies have not assessed the direct effect of diet on adipose tissue cellularity, a 
reported positive association between cell size, cell number, and percent body fat31 provides 
insight into how these studies may translate at the cellular level. These studies do not, however, 
describe how feeding practices affect the distribution of adipose tissue deposition. As it is critical 
to assess both the amount and distribution of adipose tissue, literature describing site-specific 
differences in adiposity is more limited.  
Effect of feeding strategy on subcutaneous skinfolds  
One of the earliest investigations of feeding strategy on fat deposition patterns in infants 
was conducted by Oakley 54 In this analysis, three feeding groups were utilized to compare 
skinfold thickness: fully breastfed infants, fully formula-fed infants, and mixed formula- and 
cereal-fed infants over the first six weeks of life. Infants were measured twice (within 24-hours 
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of birth and at five to seven weeks of age), and subcutaneous fat deposition was assessed through 
an average of the triceps and subscapular skinfolds. Despite a similar weight gain between the 
groups, breast-fed infants demonstrated a greater increase in subcutaneous fat over the six weeks 
by comparison with the formula-fed infants (p < 0.001); and further, infants fed formula plus 
cereal demonstrated an increase in subcutaneous fat that was intermediate between that of the 
formula-fed and breastfed infants. This study hypothesized that differences in fatty acid 
composition between breast milk and cow’s milk formula was the predominant factor driving 
differences in the quantity and composition of subcutaneous fat.  
 In a sample of healthy singleton infants who were breastfed, bottle-fed, or concomitantly 
breast and formula-fed, D’Souza and Black51 similarly assessed skinfold thickness prospectively 
over the first seven weeks of life. In alignment with Oakley54, an average of the triceps and 
subscapular skinfold measurements was assessed 24 hours after birth and at five to seven weeks 
of age. Analogous to the findings of Oakley54, a significantly greater increase in skinfold 
thickness was found among the entirely breastfed infants compared to their peers (breast and 
formula-fed infants and solely formula fed) (p<0.01). This effect, however, was found only 
among boys; female infants demonstrated no significant differences in skinfold thickness over 
the seven weeks. D’Souza and Black51 postulated that the greater growth observed among breast 
fed infants may represent greater overall consumption of milk. This interpretation, however, is 
problematic as it negates many studies that suggest formula fed infants consume more energy, 
protein, and micronutrients than breastfed infants.55-57 
 While these studies used comparable methodologies and report similar conclusions, it is 
important to note that neither study discusses the possibility of reverse causality in their findings, 
wherein robust breast-feeders are maintained on breastmilk while those with poorer perceived fat 
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deposition are changed to formula.58 This was first broadly considered in the 1980s and 
subsequently became a concern for the clarity of any study aiming to draw these simple 
comparisons.59  
Effect of feeding strategy on total body fat and/or percentage body fat  
 An investigation by Shepherd et al.60 assessed body composition in 82 healthy 
exclusively formula-fed and exclusively breastfed infants over the first three months of life. Fat 
mass was measured not only by anthropometry (triceps skinfolds), but also by total body 
potassium (TBK) (utilized in a four-compartment model) on day 10, day 28 + 3, day 42 + 4, and 
day 90 + 5. Feeding information was provided by maternal diaries. Using t-tests, no significant 
differences in mean skinfold size between feeding groups was found across the study interval. 
Nevertheless, there was a significantly greater gain in total body fat as measured by TBK among 
male formula fed infants relative to the breastfed infants between days 10 and 90. This pattern of 
increased fat accretion among formula fed boys, however, was only mirrored in triceps skinfold 
thickness from day 10 to 28. This upward trend in fat deposition was attributed to greater intakes 
among formula fed infants, yet no specific calorie data were presented.  
Utilizing TOBEC and sum of skinfold thickness (from triceps, subscapular, quadriceps 
skinfolds), de Bruin et al.52 assessed body composition measures and nutrient intakes at 1, 2, 4, 8 
and 12 months of age in a cohort of full-term infants exclusively breastfed or formula-fed for at 
least four months. Intakes were estimated by weighing infants (breastfed group) or bottles 
(formula-fed group) prior to and after feedings, and were corrected for regurgitation after 
feedings. Intake of non-milk foods and fluids were recorded by infants’ mothers. Analysis by 
multiple linear regression revealed that formula-fed infants had higher macronutrient and gross 
energy intakes during the exclusive feeding period, with statistically significant differences at 
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two and four months. A comparison of both TOBEC measures and sum of skinfolds by feeding 
group at each age point demonstrated a greater fat gain among formula fed infants (only girls) 
from one to four months of age. Differences in total body fat by feeding groups, however, were 
only found at four and eight months of age, with formula-fed girls displaying greater total body 
fat at these time points.  
Among infants that were either exclusively breastfed or exclusively formula-fed until 
four months of age (thereafter feeding was at the discretion of infants’ parents), Butte et al.50 
compared fat mass and fat-free mass at 0.5, 3, 6, 9, 12, 18, and 24 months of age. Fat mass data 
specifically was attained using four different body composition methods: a multicomponent body 
composition model (with data derived from total body water (TBW) and total body potassium 
(TBK)), anthropometry (mean skinfold thickness), total body electrical conductivity (TOBEC), 
and dual x-ray absorptiometry (DXA). Feeding patterns were quantified via histories taken at 
each three- and six-month study interval, in addition to three-day weighted intake records 
(quantified at 3,6,12, and 24 months), which clarified macronutrient intakes. From the weighted 
records, breastfed infants were found to have significantly lower intakes of metabolizable 
energy, protein, fat, and carbohydrates at 3 and 6 months of age (p=0.001), but there was no 
correlation found between intakes and fat mass or percentage fat mass at three, six or 12 months 
of age. The body composition analysis revealed no significant differences in skinfold thickness 
(triceps, subscapular, flank, quadriceps and sum of skinfolds) or DXA measurements at any age 
assessed. From the multicomponent model, fat mass and percentage fat mass were significantly 
higher in infants at three months of age and six months of age among boys. These findings were 
mirrored and extended by those of the TOBEC, which found a greater percentage fat mass at 
nine months of age among boys. As nutrient intake was only related to infant weight gain and not 
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fat mass or percentage fat mass, Butte et al.50 suggested that other bioactive factors in breastmilk 
may be responsible for the noted body composition differences. 
Buyken et al.61 assessed the effect of breastfeeding on percentage body fat at 6 months of 
age and the rate of fat accrual from six months to seven years of age among 434 healthy infants. 
Skinfold measurements were taken three times in the first year, two times in the second year, and 
annually thereafter at the biceps, triceps, subscapular, and suprailiac sites. Using these 
measurements and an equation from Duerenberg et al.62, percentage body fat was calculated.  
Prospective data on the duration of breastfeeding was attained through maternal interview at 
each study visit and weighed 3-day dietary records were kept during the first year of life. Based 
on this information, infants were classified as breastfed for a long duration (fully breastfed > 17 
weeks), shortly breastfed (fully breastfed for greater than two weeks and up to a maximum of 17 
weeks), and never breastfed (not, partially, or fully breastfed for up to two weeks). Using a linear 
mixed effects regression model, infants who were breastfed for a longer duration were found to 
have a decreased percentage body fat at six months of age. Additionally, a longer duration of 
breastfeeding only affected the rate of body fat accrual in a subgroup of male infants with 
overweight mothers. 
A recent meta-analysis by Gale et al.10 assessed differences in fat mass, fat-free mass, and 
percentage fat mass among healthy term infants that were either breastfed or formula-fed from 0-
12 months of age. Data were derived from 15 studies that used either longitudinal or cross-
sectional designs, in addition to a wide range of techniques used to measure body composition 
(TBK, isotope dilution, TOBEC, DXA, MRI, ADP, and multicomponent models). Pooled mean 
differences between breastfed and formula-fed infants revealed a significantly lower fat mass and 
percentage fat mass among formula-fed infants at four and six months of age. No significant 
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differences in fat mass or percentage fat mass between the feeding groups were detected at 12 
months of age. Formula fed infants, however, displayed a trend toward higher fat mass than their 
breastfed counterparts. Subgroup analyses, which assessed patterns using only a single type of 
body composition measurement technique revealed differences of the same magnitude and 
direction as the larger analysis. The higher fat mass found among breastfed infants was 
postulated as reflecting a yet to be clarified mechanistically, evolutionary mechanism selected to 
support the infant during a precarious developmental period.  
These investigations represent the bulk of studies that have assessed the effect of early 
feeding strategies on total or percentage body fat. While it is beneficial that these studies utilized 
longitudinal designs, comparing the results of these studies is challenging due to a range of other 
methodological inconsistencies and differences in study design. 
Methodological Considerations 
Specific methodological concerns include variability in the definition of feeding groups, 
differences in the measurement time-frame and frequency, differences in sample size, variability 
in infant formula composition, differences in outcome variables, uncontrolled confounders, and 
the use of different growth chart references.47,50 Additionally, not all studies have employed a 
longitudinal design, which is necessary when trying to capture a developmental process that is 
both complex and non-linear.31 Due to the immense heterogeneity among these variables, both 
the magnitude and direction by which feeding strategy affects weight and body composition is 
unclear. This is in addition to the problems associated with confounding, bias and reverse 
causality as discussed by Kramer et al.49,59. From an analytic viewpoint, there are further issues 
in these earlier studies. Several studies use simple comparisons of mean sizes with no 
confirmation that the data are normally distributed. It has become clear that growth in the early 
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months reflects adjustments based on size at birth and, therefore, regressions incorporating size 
at birth are fundamental tools for assessing early growth patterns63. None of these studies 
considered these elements.  
More importantly for the aims of the present study, these studies did not consider fat a 
variegated depot. In studies that have utilized subcutaneous skinfold measurements, data from 
different sites was aggregated or utilized within a formula to attain total body fat or body fat 
percentage.51,54This mirrors the reported data from more recent in-vivo techniques (DXA, MRI, 
computerized tomography, ADP, isotope dilution, TOBEC, and TBK) that similarly only 
captured fat as a single depot.10 As it is now clear that fat is not a homogenous tissue, and the 
distribution of fat may be more a significant risk factor than total body fat,44,64 these outcome 
variables may not be specific enough to determine whether feeding strategy can program long-
term differences in metabolic health. Furthermore, as deposition in certain subcutaneous depots 
may be more ‘risky’ than others,30,65 this remains an important gap in the literature. Only three 
studies have employed site-specific approaches.  
Effect of feeding strategy on specific subcutaneous sites   
The first of the three studies was a prospective longitudinal study by Ferris et al.66 
assessed the relationship between feeding method and subcutaneous fat deposition patterns 
among 92 female infants. Feeding groups were defined as infants fed breast milk alone, infants 
fed breast milk with food supplements (formula or milk solids >50kcal/day), infants fed formula 
alone, and infants fed formula with food supplements (solid food >50kcal/day). Measurements of 
the triceps, subscapular, suprailiac, and chest skinfolds were obtained monthly for six months. 
No significant differences were reported among the feeding groups; however, formula-fed 
infants that started solids before two months of age did demonstrate the greatest mean increase in 
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skinfolds. Yet, by five months of age, the skinfolds of formula-fed infants ultimately re-aligned 
with the other feeding groups.  
A second study by Bergmann et al. 67  followed a cohort of 480 infants to assess 
differences by feeding strategy in skinfold thickness and the prevalence of adiposity from six 
months to six years of age. Nutritional data and skinfold measurements at the triceps and 
subscapular sites were collected at 3, 6, 12, 18 months, and annually thereafter. Infants were 
categorized as bottle fed (never breastfed or breastfed greater than two months) or breastfed 
(breastfed greater than three months), and feeding effects on skinfold growth patterns were 
assessed separately for each site. In the triceps skinfold, a significant difference in the growth 
pattern between feeding groups was identified at 6 months and from 48 months on; whereas, for  
the subscapular skinfold, statistically significant differences were found at 24, 48, and 72 months 
of age. 
Another prospective cohort was carried out by Durmuş et al.53 assessed the association of 
breastfeeding (never; ever), breastfeeding duration (never; < 4 months, > 4 months), and 
breastfeeding exclusivity (never; non-exclusive until 4 months; and exclusive until 4 months) 
with peripheral, central, and total subcutaneous fat deposition among 779 children in the first two 
years of life. Information about breastfeeding was acquired from delivery reports and postal 
questionnaires at the ages of two, six, and 12 months after birth. Skinfold thickness was 
measured at the ages of one and one half, six, and 24 months and outcome variables were 
calculated as the sum of skinfold sites. Total subcutaneous fat was calculated from the sum of the 
biceps, triceps, suprailiac, and subscapular skinfolds. Central subcutaneous fat was calculated as 
the sum of the suprailiac and subscapular skinfolds, and peripheral subcutaneous fat was 
calculated as the sum of the biceps and triceps skinfolds. A linear regression model with 10 
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covariates, which aimed to account for pre- and post-natal maternal characteristics, was utilized 
for statistical analysis. Based on feeding strategy alone, infants that were never breastfed were 
found to have greater peripheral fat mass at 6 months of age. When comparing duration, shorter 
breastfeeding was associated with greater peripheral and total subcutaneous fat mass at 6 months 
of age, with no significant differences found at 24 months of age. A comparison between infants 
breastfed exclusively for four months and those who were never and non-exclusively breastfed 
identified higher peripheral and total subcutaneous fat mass at six months and higher central fat 
mass at 24 months.  
While these studies have employed longitudinal designs, it is unclear if sampling 
frequency is sufficient to capture developmental differences between subcutaneous depots. As 
early feeding strategy is a modifiable factor, it is a priority to assess whether feeding mode may 
be affecting the developmental trajectory for subcutaneous fat, in addition to the specific 
deposition patterns through which feeding may lead to later metabolic consequences. 
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CHAPTER III: METHODS 
 
Subjects and Research Design 
This is an ex post-facto design that utilizing data collected for a longitudinal growth study 
in the first year of life.68 Twenty-one clinically normal, American infants (12 females and 9 
males; 19 Caucasian, 1 Hispanic) were studied between the ages of one day and 21 months 
(Table 1). The present sample is composed of middle class individuals and is biased towards 
those willing to document their infants’ daily behaviors. Participants were recruited through 
birthing classes and subject referral. All infants were measured weekly for four to 18 months 
after parental informed, written consent of a Human Subjects' Committee protocol approved by 
the University of Pennsylvania Committee on Human Subjects. Parents were asked to note each 
day whether their infant was breastfeeding and/or formula-feeding, and to record whether their 
infant experienced any illness (vomiting, diarrhea, fever, rash, congestion, or other medically 
diagnosed condition). The focus of this analysis will be the feeding data and the anthropometric 
measures, which will be analyzed up to 12 months of age.  
Anthropometry Measurement Protocol  
Home visits were made weekly. During each of these visits, seven limb and trunk 
skinfolds (triceps, quadriceps, calf, subscapular, suprailiac, midaxillary, and abdominal) were 
measured by the same observer (M.L.) with Holtain skinfold calipers according to standard 
techniques.69 As this was a time-intensive longitudinal study, skinfold measurements provided 
the most economical, noninvasive technique. While methods such as air displacement 
plethysmography (ADP), magnetic resonance imaging (MRI), and dual-energy x-ray 
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absorptiometry (DXA) may allow for greater measurement precision, these techniques often 
require access to specialized facilities and are not feasible for weekly measurements.70  
Moreover, Yajnik et al.6 have demonstrated that skinfold measurements can function as an 
effective approach for assessing regional body subcutaneous fat distribution among infants.  
A pilot study established the intra-observer technical error of measurement for all 
skinfolds as <0.2 mm based on 52 infants each measured two times with a 3-s compression time. 
This protocol was identified as the tolerance limit for multiple skinfold measures in a serial study 
of infants with measurement errors in line with previously published studies.71  
Statistical Analysis  
This study aims to investigate feeding style effects on infant subcutaneous fat depot 
deposition rates and trajectories. Deposition rates were assessed as the slopes of size for age 
across the three age-based feeding intervals (0 to 4 months, 4 to 6 months, 6 to 12 months) and 
deposition trajectories were assessed as changes in slopes between these intervals, or the changes 
at 120 and 180 days from the immediately preceding interval. The residuals for each 
anthropometric variable were tested for normality (Shapiro-Francia) and Box-Cox-identified 
power transformations were investigated as needed using the gladder and ladder tests.72 
Transformations were undertaken as appropriate. Infant feeding style was categorized as 
predominantly breastfed (PBF) and predominantly formula-fed (PFF) (Table 1). These feeding 
groups align with the WHO’s infant feeding categories,43 which specify breastmilk or formula as 
the predominant source of infant nourishment, while allowing for other liquids in the infant’s 
diet. For project aims one and two, predominant breastfeeding was defined as predominant 
breastfeeding for the first four months of life or until study termination, and predominant 
formula feeding was defined as formula feeding for the first four months of life or until study 
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termination, respectively. For project aim three, predominantly breastfed was defined as 
breastfed beyond the first six months of life, and predominantly formula-fed was defined as 
formula-fed or weaned at six months of age.  
Aim 1 is to clarify if feeding styles have homogeneous effects on the deposition rate of 
each depot and the deposition trajectory for each depot across time. The null hypothesis that 
feeding styles have no significant effects on subcutaneous fat expansion rates and trajectories 
was assessed by piecewise regression across three time intervals (<4 months, >4 to <6 months, 
and >6 months) generated by the mkspline procedure, with the marginal option.72  This analysis 
was implemented in a two-way multilevel mixed model that permitted random intercepts and 
slopes at the feeding style group level, and random intercepts at the sex and individual levels 
(xtmixed with individual nested in sex).72 This approach accommodates variability in repeated 
measurement intervals (each measurement was not exactly at seven day intervals), and number 
of measurements per individual; inter-sex and inter-individual growth rates (deposition rates) and 
random error components among individuals not otherwise captured in the regression model. 
The feeding style effects on growth rates and patters were specifically investigated as an 
interaction term between slopes and feeding styles. The random slopes and intercepts model 
allowed for randomness in slopes from the unbalanced occasions, and the individual subject’s 
variability in fat deposition rate. The appropriateness of the random intercept and random slope 
model was assessed via the likelihood ratio (LR) test. For all skinfolds, a LR test with a p-value 
of <0.05 determined that it was appropriate to reject the null hypothesis that the intercept was the 
same across all skinfolds, as the regression model assumes. Furthermore, a LR test with a p-
value of <0.05 allowed the random intercept model to be rejected in favor of a random 
coefficient model. For all analyses, statistical significance was estimated after adjusting for the 
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nested-level error structure (individuals within groups) with maximum likelihood estimation. 
Birth weight, weight, and the number of feeding episodes per day were investigated as covariates 
due to the well-established associations between these factors and adiposity.73-75 Statistical 
significance was accepted if p<0.05. Significance greater than p=0.05 and less than p=0.10 was 
considered a trend.  
Aim 2: The null hypothesis that ‘risky’ depots have identical growth rates and growth 
trajectories according to feeding style was investigated in a mixed-effects regression as above. In 
this analysis, skinfolds were grouped by ‘high risk’ depots (truncal) vs ‘low risk’ depots 
(peripheral) and interaction terms for ‘risk’ and growth rate by feeding group were included in 
the analysis. The truncal depot represented the sum of the abdominal, subscapular, suprailiac, 
and midaxillary skinfolds; whereas the peripheral depot represented the sum of the quadriceps, 
triceps, and calf skinfolds. Statistical significance was estimated as above. 
 Aim 3 investigated whether feeding style is associated with post-six month differences in 
expansion rates and trajectories and was tested by the null hypothesis that feeding style has no 
significant moderation effects on the slopes of each measured variable across the third segment 
of time, as estimated in the regression described for Aim 1 with the amended feeding style 
variable.     
 Short-comings of study design and execution that may influence study outcomes include 
several methodological aspects. These include, but are not limited to: (1) insufficient power due 
to a small sample size may result in a lack of resolution to identify feeding style differences, and 
2) the choice of the investigative time frames, selected with an interest from a nutritional 
perspective, may not align with biological growth trajectories.  
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Table 1.  Infant feeding groups by aim. Predominantly breastfed (PBF) describes infants  
whose predominant source of nourishment was breastmilk for four months or 
greater.  Predominantly formula fed (PFF) represents infants whose predominant 
source of nourishment was always formula or infants who were breastfed for 
fewer than four months (Day of life 120).  
 
ID Sex Study 
Duration 
(days of 
life) 
Total 
Breastfeeding 
Duration  
(Day of Life) 
Total Formula 
Feeding 
Duration 
 (Days) 
Feeding Group:  
Aims 1 and 2 
Feeding Group:  
Aim 3 
2 M 1-268 28 240 PFF PFF 
4 M 13-365 0 365 PFF PFF 
6 F 8-365 182 0 PBF PFF 
7 F 9-365 35 335 PFF PFF 
10 F 9-317 0 317 PFF PFF 
11 F 9-317 0 317 PFF PFF 
16 F 2-365 143 244 PBF PFF 
17 M 9-202 182 20 PBF PFF 
18 M 3-277 216 138 PBF PBF 
20 M 10-322 0 322 PFF PFF 
22 F 1-199 126 73 PBF PFF 
23 F 188-363 0 363 PFF PFF 
24 F 8-344 344 221 PBF PBF 
25 M 15-123 123 18 PFF PFF 
26 F 7-331 178 176 PBF PFF 
28 M 12-127 127 58 PFF PFF 
29 F 10-235 235 90 PBF PBF 
31 F 15-133 133 15 PBF PFF 
33 F 15-187 187 0 PBF PBF 
36 M 7-90 90 0 PFF PFF 
41 M 143-261 261 87 PBF PBF 
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CHAPTER IV: RESULTS 
 
 
Data Exploration and Model Considerations 
 Prior to assessing differences by feeding style in growth rates and trajectories, growth 
patterns were explored using raw anthropometric data. Fractional polynomial regression 
(fracpoly regress) and fractional polynomial plots (fracplots)72 assessed the empirical best-fit 
models for the growth patterns of each feeding group. These procedures identified significant 
differences in the growth curve forms between breast and formula-fed infants (Figure 1). Upon 
inspection of the polynomial fit for each age interval (0 to 4 months, 4 to 6 months, 6 to 12 
months), a first power fit (linear regression) was not a significantly poorer fit than higher power 
models, and linear piecewise regressions were chosen as the analytic approach for comparing the 
quantitative differences in growth rates and trajectories. 
Figure 1:  Growth Curve for Sum of Skinfolds Over the First Year of Life 
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Effect of Feeding Style on the Growth Rates and Trajectories of Subcutaneous Fat Depots 
Multilevel mixed-effects modeling identified significantly different patterns of 
subcutaneous fat deposition between predominantly breastfed and predominantly formula-fed 
infants in both the sum of skinfolds and in each of the seven skinfold sites. Fat accretion was 
exhibited only during the first four months of life, and this was limited to the peripheral skinfolds 
(Figure 2). Thereafter, all subcutaneous skinfolds followed a trend of declining rates. 
 
Figure 2     Fixed-effects results of peripheral skinfold growth rate over the first year of life  
among predominantly breastfed and predominantly formula-fed infants. Graphs 
represent the three age intervals in which the data was analyzed: 0 to 4 months, 4 to 6 
months, 6 to 12 months.  
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Growth Rates 
 
 During the first four months of life, formula-fed infants experienced greater rates of 
deposition relative to breastfed infants for the trunk, peripheral, and sum of skinfolds (p<0.01) 
(Figures 2-4). Regarding specific sites, formula-fed infants demonstrated greater rates of 
deposition for the subscapular, abdominal, suprailiac, and quadriceps skinfolds (p<0.05). An 
increasing trend in growth rate was also demonstrated in the triceps (p=0.07) skinfolds among 
formula-fed infants. No statistically significant differences by feeding style were identified in the 
growth rates of the calf (p=0.27) and midaxillary skinfolds (p=0.36) during this interval.   
Between four and six months of age, formula-fed infants followed more negative slopes 
for the trunk and sum of skinfolds (p<0.01) (Figures 3 and 4), with no overall significant 
differences noted for the peripheral depot (p=0.61) (Figure 2) (Table 2). Relative to breastfed 
infants, formula-fed infants demonstrated site specific slope decreases in the abdominal, 
midaxillary, triceps, and subscapular skinfolds (p<0.05). The growth rates of the quadriceps 
(p=0.14), calf (p=0.86), and suprailiac (p=0.39) skinfolds showed no statistically significant 
differences between breast and formula-fed infants (Table 3).  
Beyond six months, five of the 21 infants continued to be breastfed. No overall 
differences by feeding style were identified in the deposition rates for the trunk (p=0.47) and sum 
of skinfolds (p=0.96) (their slopes were not statistically different) (Figures 3 and 4) (Table 2). 
Formula-fed infants did, however, demonstrate a more negative trend in the peripheral skinfolds 
than breastfed infants (p=0.09). Site-specific trends were not as clear as those in earlier time 
frames. Formula-fed infants had more negative slopes in the suprailiac (p<0.01) and midaxillary 
(p=0.10) skinfolds, while breastfed infants had more negative slopes in the calf (p<0.05) and 
abdominal (p=0.06) skinfolds. No significant differences by feeding style were identified in the 
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deposition rates of the quadriceps (p=0.57), triceps (0.14), and subscapular (p=0.26) skinfolds 
(Table 3). 
 
Figure 3   Fixed-effects results of trunk skinfold growth rate over the first year of life  
    among predominantly breastfed and predominantly formula-fed infants. Graphs  
    represent the three age intervals in which the data was analyzed: 0 to 4 months, 4 to 6  
    months, 6 to 12 months. 
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Figure 4   Fixed-effects results for sum of skinfolds growth rate over the first year of life  
    among predominantly breastfed and predominantly formula-fed infants. Graphs  
    represent the three age intervals in which the data was analyzed: 0 to 4 months, 4 to 6  
    months, 6 to 12 months. 
 
 
 
Table 2   Growth rates in predominantly breastfed infants relative to predominantly formula  
    fed infants for each composite subcutaneous site  
 
The coefficient describes the difference in growth rates between predominantly breastfed and 
predominantly formula-fed infants for each composite subcutaneous skinfold site, while 
accounting for baseline differences in size. 
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Table 3   Growth Rates in predominantly breastfed infants relative to predominantly formula  
     fed infants for each subcutaneous site  
The coefficient describes the difference in growth rates between predominantly breastfed and 
predominantly formula-fed infants for each subcutaneous skinfold site, while accounting for 
baseline differences in size.  
 
 Growth Trajectories  
The growth trajectories describe the overall patterns of deposition across time. In the 
present analysis, they estimate the inflection points, or the changes in growth rates (slopes) 
between sequential intervals: a comparison of slopes prior to 120 days and slopes from 120 to 
180 days; and a comparison of slopes following 180 days to slopes covering 120 to 180 days. 
Formula-fed infants, whose slopes had exceeded that of the breastfed infants in the first four 
months, demonstrated a more significant decline in slope during the subsequent four to six-
month interval for the trunk and sum of skinfolds (p<0.01) (Table 4), as well the individual sites 
(abdominal, midaxillary, triceps, and subscapular) (p<0.05) relative to breastfed infants, whose 
attenuation in slope was less negative. No significant rate changes were identified in either the 
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peripheral composite variable (p=0.23) or the related specific sites (quadriceps, p=0.681 and calf, 
p=0.464) (Table 5).  
Formula-fed infants, already on a steeper negative slope than breastfed infants from 120 
days, do not further experience change at 180 days. Breastfed infants exhibit a later onset in 
slope diminution, which is evident at 180 days when their significant slope change occurs.  
Relative to the four to six-month interval, breastfed infants demonstrated a more dramatic 
decline in deposition rate for the trunk and sum of skinfolds (p<0.01), and the specific truncal 
sites (abdominal and subscapular skinfolds, p<0.01, for both) (Table 4 and 5). No significant 
differences in rate change at day of life 180 were noted for the midaxillary (p=0.16), quadriceps 
(p=0.36), calf (p=0.20), triceps (p=0.36), and suprailiac (p=0.38) skinfolds among all infants 
(Table 4).  
 
Table 4    Growth trajectories in predominantly breastfed infants relative to predominantly  
     formula-fed infants for each composite subcutaneous site  
 
The coefficient describes the difference in growth trajectory (change in slope between sequential 
intervals: prior to and following 120 days, prior to and following 180 days) between 
predominantly breastfed and predominantly formula-fed infants for each composite 
subcutaneous skinfold site, while accounting for baseline differences in size.  
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Table 5    Growth trajectories in predominantly breastfed infants relative to predominantly  
     formula-fed infants for each subcutaneous skinfold site 
 
The coefficient describes the difference in growth trajectory (change in slope between sequential 
intervals: prior to and following 120 days, prior to and following 180 days) between 
predominantly breastfed and predominantly formula-fed infants for each composite 
subcutaneous skinfold site, while accounting for baseline differences in size. 
 
Effect of Feeding Style on the growth rates and trajectories of subcutaneous fat depots beyond 
six months of life 
Continued breastfeeding beyond six months of age was associated with a significant 
decline in growth rates for the trunk and sum of skinfolds (p<0.01), such that they achieved 
similar (not statistically significantly different) slopes to the formula-fed infants in the six to 
12-month interval. Relative to formula-fed or weaned infants, more significant negative slopes 
within the six to 12-month interval were noted only for the calf (p<0.05) and the abdominal 
(p=0.06) skinfold sites among continued breast feeders. It should be noted this comparison 
involved infants who were breastfed after six months and all others. This confounds the strict 
comparison of prolonged breastfeeding to infants who were previously breastfed and weaned at 
six months. 
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CHAPTER V: DISCUSSION AND CONCLUSIONS 
 
Summary of Findings 
The present study adds a unique perspective on site-specific patterns of fat deposition 
during the first four months of life by comparison with earlier reports. Previous research has 
documented important distinctions between growth trajectories of length, weight, and weight for 
length between breast and formula-fed infants.48 While these studies suggest a divergence in 
growth patterns by feeding group after two to three months of age,45 the present study adds 
details on distinctive patterns of fat deposition originating in the earliest months. Of the three 
investigative time frames (0 to 4 months, 4 to 6 months, and 6 to 12 months), the first four 
months were the only period in which infants in the present study experienced subcutaneous fat 
accretion. Thereafter, subcutaneous skinfolds followed a trend of declining rates. A synonymous 
growth pattern has been previously reported in the literature, with the finding of marked 
increases in skinfold thickness, body fat mass, and body fat mass as a percentage of body weight 
among infants in the first three months of life, followed by a sharp decline in relative fat mass for 
the remainder of the first year.76 The decline in adiposity described by Enzi et al.76 and identified 
in the present study, has been attributed to several changes that occur later in infancy, including 
increased energy expenditure related to greater levels of physical activity, increased protein 
consumption, and/or to more efficient appetite regulation. The present study adds to these 
findings by identifying that breastfed infants demonstrate both slower rates of subcutaneous fat 
accretion and decline by comparison with their formula-fed peers. 
Beyond different patterns of overall subcutaneous fat deposition, this study identified 
different growth patterns among breastfed and formula-fed infants in each subcutaneous site. 
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This study is novel in its consideration of subcutaneous fat as a variegated depot, and provides 
the first documentation of differences in fat deposition patterns by feeding style in seven 
different skinfold sites. Utilizing this unique methodological approach, this study identified site-
specific feeding effects that were not apparent when all skinfold measurements were combined 
as single variable (sum of skinfolds). As the effects of feeding on body composition have been 
assessed to date predominantly using total body fat or body fat percentage as outcome variables, 
site-specific differences in subcutaneous fat development may have been overlooked. Only one 
prior longitudinal study has assessed variability in growth patterns for different subcutaneous 
depots among breast and bottle-fed (non-breast milk) from the age of six months to six years. 
While these skinfolds were utilized as proxies for total body adiposity, Bergmann et al.67 
reported distinct patterns of growth between the two subcutaneous depots. Specifically, in the 
triceps skinfold a significant difference in the growth pattern between feeding groups was 
identified at 6 months and from 48 months on; whereas, in the subscapular skinfold, statistically 
significant differences were found at 24, 48, and 72 months of age. Additionally, skinfold 
thickness was reported to be relatively stable among the breastfed group, while the bottle-fed 
group demonstrated a more than three-fold increase in subscapular skinfold thickness starting at 
12 months of age.67  
In accordance with the observations of Bergmann et al.67, breastfed infants in the present 
sample similarly demonstrated a significantly steadier decline in subcutaneous fat deposition in 
the subscapular skinfold, in addition to other subcutaneous sites (abdominal, midaxillary, triceps, 
subscapular, trunk, and sum of skinfolds) starting from four months of age. While the present 
study did not investigate growth patterns beyond the first year of life, it is possible that formula-
fed infants could follow a similar increase in subscapular deposition as described by Bergmann 
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et al.67 beyond 12 months of age. The present sample demonstrated no significant differences in 
growth rate between feeding styles in the subscapular, triceps, quadriceps, trunk, and sum of 
skinfolds from six to 12 months of age; however, the inclusion of both formula-fed and weaned 
(breastfed prior to six months) infants into a single feeding group during this interval may have 
produced a growth pattern that deviated from that of purely formula-fed infants. Notable findings 
during the six to 12-month interval included greater declines in deposition among formula-fed 
infants in the suprailiac and midaxillary skinfolds, and greater declines in deposition in the calf, 
abdominal, and limb skinfolds among breastfed infants. Synonymous to the findings of 
Bergmann et al.67 the rate of deposition in the triceps skinfold demonstrated no significant 
difference between feeding groups during this interval.  
 Illuminating Feeding Style Differences with Growth Trajectories versus Size 
Several previous studies that have utilized subcutaneous skinfolds to examine total 
adiposity patterns within the first year of life54,61,66 have reported no significant differences in 
deposition patterns by feeding strategy alone. Significant methodological differences, including 
varied measurement intervals and frequency, different feeding group definitions, and diverse 
calculation methods for the primary outcome variable (total subcutaneous fat, sum of skinfolds, 
total body fat, or body fat percentage) distinguish these reports. 
 Beyond divergent data and analytic choices, the unique findings of this study reflect the 
fact that it investigates the modulation of subcutaneous skinfold growth patterns by feeding 
strategy, rather than merely differences in skinfold size over time. The present study’s 
examination of growth rate changes between age intervals, in addition to time-constrained or 
interval-specific rate comparisons, has illuminated that breast and formula-fed infants follow 
significantly different overall deposition trajectories. This finding contrasts with the only other 
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study61 that has analyzed changes in fat accrual rate by feeding style. Beyond differences in the 
analytic time frame (0 to 6 months in the present study versus 6 months to 7 years) and statistical 
model, the findings of the present study may differ from that of Buyken et al.61 due to the choice 
of outcome variable. Buyken et al.61 used percent body fat (calculated from the biceps, triceps, 
suprailiac, and subscapular skinfolds); whereas, the present study identified growth trajectories 
for the sum of skinfolds, in addition to each subcutaneous site. By using a site-specific approach, 
the present analysis could demonstrate that feeding style influenced growth trajectories 
specifically within the truncal subcutaneous depots, clarifying that previous methodological 
approaches with a focus on total or percentage body fat may not be sensitive enough to capture 
these critical depot differences. This same limitation characterizes many recent analyses of body 
composition that utilize more precise measurement tools (DXA, MRI, ADP) but fail to capture 
fat as more than a single depot.10 
Identifying ‘Risky’ Deposition Patters 
A unique finding of the present study is the documentation that distinct patterns of truncal 
deposition begin in the first year of life associated with infant feeding. By comparison with 
breastfed infants, formula-fed infants demonstrated a pattern of more rapid accrual within the 
truncal depot. This contrasts with deposition patterns in the peripheral depot, where no 
significant differences by feeding style were found. As deposition within the truncal depot has 
been considered more ‘risky’ due to increased adipocyte hypertrophy,26,34 it is significant that 
formula consumption stimulates an earlier and more rapid expansion in this region. If significant 
differences in hyperplastic growth are not be present within the first year of life, as was 
demonstrated in the trajectories published by Knittle et al.31, it is possible that the increased 
 35 
hypertrophy experienced by the formula fed infants in the truncal depots may necessitate an 
earlier recruitment of additional adipocytes and a greater overall expansion of fat mass. 
  A plethora of factors associated with feeding style may be related to the more rapid 
accrual of subcutaneous fat in the truncal depot compared to peripheral sites. These may reflect 
differences in dietary composition, the timing of feeds, and/or physiological responses that 
distinguish these two styles. In the absence of more specific data, these details cannot be 
illuminated in the present study. Based on previous research it can be hypothesized that 
mechanisms underlying the observed truncal deposition patterns may include increased 
expression and activity levels of lipoprotein lipase. Relative to the peripheral depots, greater 
levels of lipoprotein lipase mRNA and enzyme activity have been found in the truncal depots, 
and predominantly in the abdominal depot.77 As lipoprotein lipase activity is present in 
preadipocytes and may be the key regulator of fat accretion during the early postnatal period,78 it 
is possible that the greater release of insulin that follows bottle-feeding could increase expression 
of truncal lipoprotein lipase and subsequently lead to an earlier and more rapid filling of fat 
cells.79,80 
The First Four Months as an Important Nutritional Target  
With the goal of clarifying whether an extended duration of exclusive breastfeeding 
modifies subcutaneous fat deposition patterns, the historical iterations of the WHO’s Infant 
Feeding Recommendation guided the investigative times frames (0 to 4 months, 4 to 6 months, 
and 6 to 12 months) utilized in this study. Contrary to this study’s hypothesis, the magnitude of 
fat deposition did not continue to rise across the first year of life, and prolonged breastfeeding 
was not associated with a more gradual increase in fat deposition. Instead, this analytic approach 
identified the first four months as the only period during which both feeding groups 
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demonstrated notable fat accretion. Beyond the first 120 days of life, both feeding groups 
followed an overall trend of declining deposition rates.  
As there are few studies that describe the developmental trajectories of adipose tissue in 
the early postnatal period at this time,81,82 this is a valuable finding with important public health 
implications. The present study suggests that patterns of subcutaneous fat accretion may be 
influenced within the first 120 days by feeding style, with potential risks for later development. 
Rather than the present single emphasis on the benefits of prolonged exclusive breastfeeding, this 
study emphasizes the relevance of shifting promotional efforts to encourage greater 
breastfeeding initiation rates. In the United States, current breastfeeding rates fall below the 
national goals as outlined by Healthy People 2020.83 Relative to the goal of 81.9% for 
breastfeeding initiation, a survey in 2010 identified that only 76.5% of US mothers have initiated 
breastfeeding.84 There is a strong evidence-based argument that efforts need to be augmented to 
develop strategies that make breastfeeding a more feasible and acceptable feeding choice for a 
wider range of the population.  
Appetite Modulation as a Mechanism for Altered Deposition Patterns  
Among the potential underlying mechanisms, the development of more sensitive appetite 
regulatory mechanisms may be an important driving factor for the more stable deposition 
patterns and slower rates of accretion observed among breastfed infants. As early as three 
months of age, significant differences in protein and energy intake have been identified among 
breast and formula-fed infants, with formula-fed infants found to have a 66-70% higher intake of 
protein and 15-20% higher intake of energy within the first six months of life.85 While mode of 
delivery (breast versus bottle) has been proposed as a causal mechanism for these appetitive 
distinctions, Bartok 86 found no statistically significant differences between infants fed 
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breastmilk by bottle or breast in both fat mass and percentage fat mass at any age in the first four 
months of life. Although this finding does not nullify delivery mode as an important appetite 
modulator, it emphasizes the relevance of further exploring how the compositional differences of 
breastmilk and formula may result in differential effects on growth. Additionally, it suggests that 
delivery mode may not be a predominant confounder in this analysis.  
Trajectories beyond four months as a Reflection of Energy Balance  
From four months of age, formula-fed infants embark on a steeper decline in 
subcutaneous fat deposition than breastfed infants that continues throughout the first year of life. 
While this was an unexpected observation for which the present data provides no simple 
explanation on its own, it is important to note that these statistical findings reflect the different 
biological trajectory of the two feeding groups. Rather than implying a decline in “growth,” the 
results reflect the significantly greater deposition rates experienced among the formula feeders 
during the early months which leads to a peak and relative decline pattern. This is contrary to the 
more modest accretion and gradual attenuation exemplified by breastfed infants.  
To interpret these patterns, it may be useful to consider concepts of energy balance. It is 
possible that the more passive style of formula feeding, which is characterized by higher levels 
of maternal control, may result in greater surpluses of energy intake than the more active, infant-
driven style associated with breastfeeding.87 Furthermore, the more consistent flavor profile that 
is associated with formula consumption may affect infants’ sensitivity to the energy composition 
of feeds.88 This may alter infants’ ability to later regulate consumption patterns throughout the 
day, leading to greater fluctuations of within-day energy balance. While young children have 
been shown to maintain stable patterns of energy intake across several days, despite the 
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consumption of high- or low-energy foods, infants who are unable to adjust their intake to match 
energy differences may experience increases in fat deposition over time.89   
Strengths and Limitations  
 The predominant strengths of the present investigation are the sampling protocol and the 
analytic methods. Repeated weekly skinfold measurements from seven different subcutaneous 
sites allowed for both time- and site-specificity in the documented growth patterns, and greater 
investigation of intra-individual differences. Additionally, the use of a multi-level mixed model 
that accommodated for random slopes and intercepts, while controlling for weight, birthweight, 
and number feeding episodes per day, provided a very powerful analytic tool for analyzing this 
dynamic developmental process.  
Despite the unique nature of this sample’s time-intensive data, the relatively small sample 
size may have made some feeding style effects unresolvable, while over exaggerating others. 
Moreover, this sample only encompassed clinically normal infants that were predominantly 
Caucasian and middle class. Hence, these results may not be generalizable to infants with clinical 
conditions, or those of different ethnic backgrounds, and/or living in poor environmental 
conditions.   
Beyond sample-specific limitations, there are two critical confounding factors in this 
analysis. One involves the comparison of infants who were breastfed after six months to all other 
infants in the sample. Due to the small sample size, three infant groups could not be created to 
address this study’s aim regarding continued breastfeeding. The use of merely two feeding 
groups confounds the comparison of infants who were breastfed beyond six months to those that 
were previously breastfed and weaned at six months. The second confounding factor is the 
possibility that infants who were initially breastfed may have been switched to formula if they 
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were not displaying healthy growth. Thus, the formula-fed group may include infants who were 
not growing well due to reasons that are unrelated to feeding style.90 
 Another important consideration regarding the present results is that due to sample size, 
sex differences may not have been well-captured. Sex is a well-documented modifier of fat 
and/or body composition.91 While sex differences were controlled in the analytic model as a 
nested effect, future investigations would benefit from analyzing the growth trajectories 
independently by sex. Finally, it is important to note that the reported differences in skinfold 
deposition or decline between feeding groups may have been statistically significant but may not 
represent meaningful biological differences. As the risk associated with adipose tissue 
distribution and cellular mechanisms of expansion ultimately depend on an individual’s overall 
fat morphology, it unclear whether statistically significant differences in growth patterns align 
with purported population-level schemas for risk.   
Conclusion 
Weekly skinfold assessments of seven subcutaneous sites have identified that feeding style 
predicts differences in deposition patterns in the first year of life. Breastfed infants demonstrated 
slower rates of both accretion and decline by comparison with their formula-fed peers. 
Moreover, feeding-specific effects were particularly apparent in the truncal depots. Distinctions 
in truncal deposition and utilization identified a pattern of ‘risky’ growth that has not been 
previously documented within the first year of life. As this finding was possible due to this 
study’s unique analytic approach, future studies may benefit from more time- and depot-specific 
inquiries. This analysis further suggests that the first four months may be a critical period for 
subcutaneous fat deposition. Nutrition interventions that promote greater breastfeeding initiation 
rates may have specific, adipose tissue-mediated long-term benefits for the health of the 
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population due to modifications occurring during the critical period of adipose tissue deposition 
in early infancy.  
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 41 
REFERENCES   
 
1. Mokdad AH, Ford ES, Bowman BA, et al. Prevalence of obesity, diabetes, and obesity-
related health risk factors, 2001. Jama. 2003;289(1):76-79. 
2. Resnick HE, Valsania P, Halter JB, Lin X. Relation of weight gain and weight loss on 
subsequent diabetes risk in overweight adults. Journal of epidemiology and community 
health. 2000;54(8):596-602. 
3. Chen L, Magliano DJ, Zimmet PZ. The worldwide epidemiology of type 2 diabetes 
mellitus—present and future perspectives. Nature Reviews Endocrinology. 
2012;8(4):228-236. 
4. Yoon K-H, Lee J-H, Kim J-W, et al. Epidemic obesity and type 2 diabetes in Asia. The 
Lancet. 2006;368(9548):1681-1688. 
5. Fantuzzi G, Mazzone T. Adipose tissue and atherosclerosis. Arteriosclerosis, 
Thrombosis, and Vascular Biology. 2007;27(5):996-1003. 
6. Yajnik C, Fall C, Coyaji K, et al. Neonatal anthropometry: the thin–fat Indian baby. The 
Pune maternal nutrition study. International journal of obesity. 2003;27(2):173-180. 
7. Ruderman N, Chisholm D, Pi-Sunyer X, Schneider S. The metabolically obese, normal-
weight individual revisited. Diabetes. 1998;47(5):699-713. 
8. Garn SM, LaVelle M. Two-decade follow-up of fatness in early childhood. American 
Journal of Diseases of Children. 1985;139(2):181-185. 
9. Barker DJ. The fetal and infant origins of adult disease. BMJ: British Medical Journal. 
1990;301(6761):1111. 
10. Gale C, Logan KM, Santhakumaran S, Parkinson JR, Hyde MJ, Modi N. Effect of 
breastfeeding compared with formula feeding on infant body composition: a systematic 
review and meta-analysis. The American journal of clinical nutrition. 2012:ajcn. 027284. 
11. Imai CM, Gunnarsdottir I, Thorisdottir B, Halldorsson TI, Thorsdottir I. Associations 
between infant feeding practice prior to six months and body mass index at six years of 
age. Nutrients. 2014;6(4):1608-1617. 
12. Oddy WH, Mori TA, Huang R-C, et al. Early infant feeding and adiposity risk: from 
infancy to adulthood. Annals of Nutrition and Metabolism. 2014;64(3-4):262-270. 
13. Agostoni C, Braegger C, Decsi T, et al. Breast-feeding: a commentary by the ESPGHAN 
Committee on Nutrition. Journal of pediatric gastroenterology and nutrition. 
2009;49(1):112-125. 
14. Lönnerdal B. Biochemistry and physiological function of human milk proteins. The 
American journal of clinical nutrition. 1985;42(6):1299-1317. 
15. Office of the Surgeon General. The Surgeon General's call to action to support 
breastfeeding. 2011. 
16. Weber M, Grote V, Closa-Monasterolo R, et al. Lower protein content in infant formula 
reduces BMI and obesity risk at school age: follow-up of a randomized trial. The 
American journal of clinical nutrition. 2014;99(5):1041-1051. 
17. World Health Organization and UNICEF. Global strategy for infant and young child 
feeding. World Health Organization; 2003. 
18. Carberry AE, Colditz PB, Lingwood BE. Body composition from birth to 4.5 months in 
infants born to non-obese women. Pediatric research. 2010;68(1):84-88. 
 42 
19. Chomtho S, Wells JC, Davies PS, Lucas A, Fewtrell MS. Early growth and body 
composition in infancy. Early Nutrition Programming and Health Outcomes in Later 
Life: Springer; 2009:165-168. 
20. De Curtis M, Pieltain C, Studzinski F, Moureau V, Gérard P, Rigo J. Evaluation of 
weight gain composition during the first 2 months of life in breast-and formula-fed term 
infants using dual energy X-ray absorptiometry. European journal of pediatrics. 
2001;160(5):319-320. 
21. Victora CG, Barros F, Lima RC, Horta BL, Wells J. Anthropometry and body 
composition of 18 year old men according to duration of breast feeding: birth cohort 
study from Brazil. Bmj. 2003;327(7420):901. 
22. Giannì ML, Roggero P, Orsi A, et al. Body composition changes in the first 6 months of 
life according to method of feeding. Journal of Human Lactation. 2014;30(2):148-155. 
23. Prentice AM, Jebb SA. Beyond body mass index. Obesity reviews. 2001;2(3):141-147. 
24. Poissonnet C, Burdi A, Bookstein FL. Growth and development of human adipose tissue 
during early gestation. Early human development. 1983;8(1):1-11. 
25. Hirsch J, Knittle JL. Cellularity of obese and nonobese human adipose tissue. Paper 
presented at: Federation proceedings1969. 
26. Tchoukalova YD, Koutsari C, Karpyak MV, Votruba SB, Wendland E, Jensen MD. 
Subcutaneous adipocyte size and body fat distribution. Am J Clin Nutr. 2008;87(1):56-63. 
27. Spalding KL, Arner E, Westermark PO, et al. Dynamics of fat cell turnover in humans. 
Nature. 2008;453(7196):783-787. 
28. Heinonen S, Saarinen L, Naukkarinen J, et al. Adipocyte morphology and implications 
for metabolic derangements in acquired obesity. International journal of obesity (2005). 
2014;38(11):1423-1431. 
29. Björntorp P, Sjöström L. Number and size of adipose tissue fat cells in relation to 
metabolism in human obesity. Metabolism. 1971;20(7):703-713. 
30. Weyer C, Foley J, Bogardus C, Tataranni P, Pratley R. Enlarged subcutaneous abdominal 
adipocyte size, but not obesity itself, predicts type II diabetes independent of insulin 
resistance. Diabetologia. 2000;43(12):1498-1506. 
31. Knittle J, Timmers K, Ginsberg-Fellner F, Brown R, Katz D. The growth of adipose 
tissue in children and adolescents. Cross-sectional and longitudinal studies of adipose cell 
number and size. Journal of Clinical Investigation. 1979;63(2):239. 
32. Roche AF. The adipocyte-number hypothesis. Child development. 1981:31-43. 
33. Arner P, Andersson DP, Thörne A, et al. Variations in the size of the major omentum are 
primarily determined by fat cell number. The Journal of Clinical Endocrinology & 
Metabolism. 2013;98(5):E897-E901. 
34. Tchoukalova YD, Votruba SB, Tchkonia T, Giorgadze N, Kirkland JL, Jensen MD. 
Regional differences in cellular mechanisms of adipose tissue gain with overfeeding. 
Proceedings of the National Academy of Sciences. 2010;107(42):18226-18231. 
35. Yu YH, Ginsberg HN. Adipocyte signaling and lipid homeostasis: sequelae of insulin-
resistant adipose tissue. Circulation research. 2005;96(10):1042-1052. 
36. Häger A, Sjöström L, Arvidsson B, Björntorp P, Smith U. Body fat and adipose tissue 
cellularity in infants: a longitudinal study. Metabolism. 1977;26(6):607-614. 
37. Bonnet F, Gosselin L, Chantraine J, Senterre J. Adipose cell number and size in normal 
and obese children. European Journal of Clinical and Biological Research. 
1970;15:1101-1104. 
 43 
38. Arner P, Andersson DP, Thorne A, et al. Variations in the size of the major omentum are 
primarily determined by fat cell number. The Journal of clinical endocrinology and 
metabolism. 2013;98(5):E897-901. 
39. Hager A, Sjorstrom L, Arvidsson B, Bjorntorp P, Smith U. Adipose tissue cellularity in 
obese school girls before and after dietary treatment. Am J Clin Nutr. 1978;31(1):68-75. 
40. Knittle JL, Hirsch J. Effect of early nutrition on the development of rat epididymal fat 
pads: cellularity and metabolism. Journal of Clinical Investigation. 1968;47(9):2091. 
41. Oscai LB, McGarr JA. Evidence that the amount of food consumed in early life fixes 
appetite in the rat. The American journal of physiology. 1978;235(3):R141-144. 
42. Dauncey MJ, Gandy G, Gairdner D. Assessment of total body fat in infancy from 
skinfold thickness measurements. Arch Dis Child. 1977;52(3):223-227. 
43. World Health Organization's Infant Feeding Recommendation. Weekly Epidemiological 
Record. 1995;70:119-120. 
44. Garg A. Regional adiposity and insulin resistance. The Journal of Clinical Endocrinology 
& Metabolism. 2004;89(9):4206-4210. 
45. Dewey KG, Heinig MJ, Nommsen LA, Peerson JM, Lönnerdal B. Growth of breast-fed 
and formula-fed infants from 0 to 18 months: the DARLING Study. Pediatrics. 
1992;89(6):1035-1041. 
46. Dewey KG, Heinig MJ, Nommsen LA, Peerson JM, Lonnerdal B. Breast-fed infants are 
leaner than formula-fed infants at 1 y of age: the DARLING study. Am J Clin Nutr. 
1993;57(2):140-145. 
47. Dewey KG. Growth characteristics of breast-fed compared to formula-fed infants. 
Neonatology. 1998;74(2):94-105. 
48. Nommsen-Rivers LA, Dewey KG. Growth of breastfed infants. Breastfeeding Medicine. 
2009;4(S1):S-45-S-49. 
49. Kramer MS, Guo T, Platt RW, et al. Breastfeeding and infant growth: biology or bias? 
Pediatrics. 2002;110(2):343-347. 
50. Butte NF, Wong WW, Hopkinson JM, Smith EB, Ellis KJ. Infant feeding mode affects 
early growth and body composition. Pediatrics. 2000;106(6):1355-1366. 
51. D'Souza SW, Black P. A study of infant growth in relation to the type of feeding. Early 
Hum Dev. 1979;3(3):245-255. 
52. de Bruin NC, Degenhart HJ, Gàl S, Westerterp KR, Stijnen T, Visser H. Energy 
utilization and growth in breast-fed and formula-fed infants measured prospectively 
during the first year of life. The American journal of clinical nutrition. 1998;67(5):885-
896. 
53. Durmuş B, Ay L, Duijts L, et al. Infant diet and subcutaneous fat mass in early 
childhood: the Generation R Study. European journal of clinical nutrition. 
2012;66(2):253-260. 
54. Oakley J. Differences in subcutaneous fat in breast-and formula-fed infants. Archives of 
disease in childhood. 1977;52(1):79-80. 
55. Butte NF, Garza C, Smith EO, Wills C, Nichols BL. Macro- and trace-mineral intakes of 
exclusively breast-fed infants. Am J Clin Nutr. 1987;45(1):42-48. 
56. Heinig MJ, Nommsen LA, Peerson JM, Lonnerdal B, Dewey KG. Energy and protein 
intakes of breast-fed and formula-fed infants during the first year of life and their 
association with growth velocity: the DARLING Study. Am J Clin Nutr. 1993;58(2):152-
161. 
 44 
57. Michaelsen KF, Larsen PS, Thomsen BL, Samuelson G. The Copenhagen Cohort Study 
on Infant Nutrition and Growth: breast-milk intake, human milk macronutrient content, 
and influencing factors. Am J Clin Nutr. 1994;59(3):600-611. 
58. Sauls HS. Potential effect of demographic and other variables in studies comparing 
morbidity of breast-fed and bottle-fed infants. Pediatrics. 1979;64(4):523-527. 
59. Kramer MS, Moodie EE, Dahhou M, Platt RW. Breastfeeding and infant size: evidence 
of reverse causality. American journal of epidemiology. 2011:kwq495. 
60. Shepherd R, Oxborough D, Holt T, Thomas B, Thong Y. Longitudinal study of the body 
composition of weight gain in exclusively breast-fed and intake-measured whey-based 
formula-fed infants to age 3 months. LWW; 1988. 
61. Buyken AE, Karaolis‐Danckert N, Remer T, Bolzenius K, Landsberg B, Kroke A. Effects 
of breastfeeding on trajectories of body fat and BMI throughout childhood. Obesity. 
2008;16(2):389-395. 
62. Deurenberg P, Pieters JJ, Hautvast JG. The assessment of the body fat percentage by 
skinfold thickness measurements in childhood and young adolescence. The British 
journal of nutrition. 1990;63(2):293-303. 
63. Cameron N, Preece MA, Cole TJ. Catch‐up growth or regression to the mean? Recovery 
from stunting revisited. American Journal of Human Biology. 2005;17(4):412-417. 
64. Lee M-J, Wu Y, Fried SK. Adipose tissue heterogeneity: implication of depot differences 
in adipose tissue for obesity complications. Molecular aspects of medicine. 2013;34(1):1-
11. 
65. Snijder M, Visser M, Dekker J, et al. Low subcutaneous thigh fat is a risk factor for 
unfavourable glucose and lipid levels, independently of high abdominal fat. The Health 
ABC Study. Diabetologia. 2005;48(2):301-308. 
66. Ferris AG, Beal VA, Laus MJ, Hosmer DW. The effect of feeding on fat deposition in 
early infancy. Pediatrics. 1979;64(4):397-401. 
67. Bergmann KE, Bergmann R, Von Kries R, et al. Early determinants of childhood 
overweight and adiposity in a birth cohort study: role of breast-feeding. International 
journal of obesity. 2003;27(2):162-172. 
68. Lampl M, Veldhuis JD, Johnson ML. Saltation and stasis: a model of human growth. 
Science. 1992;258(5083):801-803. 
69. Frisancho AR. Anthropometric standards for the assessment of growth and nutritional 
status. University of Michigan Press; 1990. 
70. Wells JC. Body composition in infants: evidence for developmental programming and 
techniques for measurement. Reviews in Endocrine and Metabolic Disorders. 
2012;13(2):93-101. 
71. Ulijaszek SJ, Kerr DA. Anthropometric measurement error and the assessment of 
nutritional status. British Journal of Nutrition. 1999;82(03):165-177. 
72. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP.; 2015. 
73. Euser AM, Finken MJ, Keijzer-Veen MG, et al. Associations between prenatal and 
infancy weight gain and BMI, fat mass, and fat distribution in young adulthood: a 
prospective cohort study in males and females born very preterm. The American journal 
of clinical nutrition. 2005;81(2):480-487. 
74. Kramer MS, Barr RG, Leduc DG, Boisjoly C, Pless IB. Infant determinants of childhood 
weight and adiposity. The Journal of pediatrics. 1985;107(1):104-107. 
 45 
75. Agras WS, Kraemer HC, Berkowitz RI, Korner AF, Hammer LD. Does a vigorous 
feeding style influence early development of adiposity? The Journal of pediatrics. 
1987;110(5):799-804. 
76. Enzi G, Inelmen EM, Rubaltelli FF, Zanardo V, Favaretto L. Postnatal development of 
adipose tissue in normal children on strictly controlled calorie intake. Metabolism. 
1982;31(10):1029-1034. 
77. Arner P, Lithell H, Wahrenberg H, Brönnegard M. Expression of lipoprotein lipase in 
different human subcutaneous adipose tissue regions. Journal of lipid research. 
1991;32(3):423-429. 
78. Hietanen E, Greenwood M. A comparison of lipoprotein lipase activity and adipocyte 
differentiation in growing male rats. Journal of Lipid Research. 1977;18(4):480-490. 
79. Lucas A, Blackburn A, Aynsley-Green A, Sarson D, Adrian T, Bloom S. Breast vs bottle: 
endocrine responses are different with formula feeding. The Lancet. 
1980;315(8181):1267-1269. 
80. Hamosh M. Does Infant Nutrition Affect Adiposity and Cholesterol Levels in the Adult? 
Journal of pediatric gastroenterology and nutrition. 1988;7(1):10-16. 
81. Budge H, Gnanalingham MG, Gardner DS, Mostyn A, Stephenson T, Symonds ME. 
Maternal nutritional programming of fetal adipose tissue development: Long‐term 
consequences for later obesity. Birth Defects Research Part C: Embryo Today: Reviews. 
2005;75(3):193-199. 
82. Symonds M, Pope M, Sharkey D, Budge H. Adipose tissue and fetal programming. 
Diabetologia. 2012;55(6):1597-1606. 
83. U.S. Department of Health and Human Services. Healthy People 2020. Washington, DC: 
U.S. Department of Health and Human Services; 2010. 
84. Prevention CfDCa. Breastfeeding report card—United States, 2013. . Atlanta, GA2013. 
85. Heinig MJ, Nommsen LA, Peerson JM, Lonnerdal B, Dewey KG. Energy and protein 
intakes of breast-fed and formula-fed infants during the first year of life and their 
association with growth velocity: the DARLING Study. The American Journal of 
Clinical Nutrition. 1993;58(2):152-161. 
86. Bartok CJ. Babies fed breastmilk by breast versus by bottle: a pilot study evaluating early 
growth patterns. Breastfeeding medicine : the official journal of the Academy of 
Breastfeeding Medicine. 2011;6(3):117-124. 
87. Fisher JO, Birch LL, Smiciklas-Wright H, Picciano MF. Breast-feeding through the first 
year predicts maternal control in feeding and subsequent toddler energy intakes. Journal 
of the American Dietetic Association. 2000;100(6):641-646. 
88. Mennella JA, Jagnow CP, Beauchamp GK. Prenatal and postnatal flavor learning by 
human infants. Pediatrics. 2001;107(6):e88-e88. 
89. Lipps L, Deysher M. Calorie compensation and sensory specific satiety: Evidence for self 
regulation of food intake by young children. Appetite. 1986;7(4):323-331. 
90. Dettwyler KA, Fishman C. Infant feeding practices and growth. Annual Review of 
Anthropology. 1992;21(1):171-204. 
91. Kramer MS, Barr RG, Leduc DG, Boisjoly C, McVey-White L, Pless IB. Determinants 
of weight and adiposity in the first year of life. The Journal of pediatrics. 
1985;106(1):10-14. 
 
